The bacteriolytic activities of different group D streptococcal species on various media and substrates were studied. Our results showed that all of the enterococcal species which we tested had bacteriolytic activity on at least one of the media used, while the group D nonenterococcal species had no such activity. In addition, using culture media containing different additives and different pH values, we defined seven major groups of bacteriolytic activity (lyogroups), each of which overlapped with one species (four lyogroups), two species (two lyogroups), or four species (one lyogroup). The detection of enterococcal lyogroups proved to be as reliable for species identification as the conventional methods presently in use. The genus Enterococcus was proposed for the species Enterococcus faecalis and Enterococcus faecium (34), and subsequently Enterococcus avium, Enterococcus gallinarum, Enterococcus durans, Enterococcus casselifiavus, and Enterococcus malodoratus were described (7). More recently, Enterococcus mundtii, Enterococcus hirae ( 5 , 15), Enterococcus solitarius, Enterococcus rafinosus, and Enterococcus pseudoavium have been recognized (4). Although in general new taxonomic proposals for members of this genus have been based on the results of highly reliable procedures, such as DNA hybridization (20), determination of ubiquinone contents of cell membranes (6), and the use of penicillin-binding proteins (43), the taxonomy of the enterococci has not been completely defined yet, and confirmation on the basis of completely different, independent properties would be a great help in achieving more rapid and wider acceptance of these taxa (3, 8-10, 13, 14, 17, 18, 27). In addition, recognition of new species proposed on the basis of the results of conventional methods involves testing many different characteristics, which makes identification rather complex and expensive, particularly in routine clinical microbiology laboratories. Therefore, alternative methods for routine identification of enterococci at the species level would be highly desirable (10, 29, 43) . Reliable species definition among the group D streptococci is important for medicine, since the roles played in human pathology by the different species in the group may be quite different (1,2, 19, 
It has been shown previously that all isolates of the genus Staphylococcus secrete bacteriolytic enzymes (32, 33) and that the lytic activity patterns of the strains of the various species are different (37, 41, 42) .
Similarly, in this work we analyzed the production and properties of bacteriolytic activity in enterococci and some other group D streptococci. We found that this activity is present in all strains of the genus Enterococcus and in none of the other group D streptococci which we tested.
In addition, the strains of the different enterococcal species produced bacteriolytic enzymes with different properties, enabling us to set up a novel scheme for enterococcal identification, which is as reliable as conventional schemes. 21, [22] [23] [24] [25] 35) .
* Corresponding author. - 
37

MATERIALS AND METHODS
Bacterial strains. Human strains of group D streptococci were isolated from clinical specimens in the Clinical Microbiology Laboratory of the Institute of Microbiology of the University of Cagliari from 1983 to 1986. Reference human streptococci and some nonhuman reference strains were obtained from the Czechoslovak Culture Collection (CCM) and from the American Type Culture Collection (ATCC), Rockville, Md. (see Table 4 ). A number of strains af E. hirae and E . durans were kindly provided by J. Coyette (Univer-sit2 de Lieges).
Biochemical and enzymatic tests. Streptococci were lidentified by using the criteria proposed by Facklam (11) and Facklam and Carey (12) ; we performed additional tests as described by Collins et al. (7) , Farrow et al. (16) , and Schleifer and Kilpper-Balz (34) . A commercial API 20 Strep system (Ayerst Italiana) was also used.
Detection of bacteriolytic activity. To detect bacteriolytic activity, double-layer agar plates containing various media were used, as previously described (26, 32) . Lytic activity was always recorded after 48 h of incubation at 37°C (unless otherwise indicated). The halos of lytic activity were scored as follows: 1+ (less than 1 mm of lysis from the edge of the colony), 2+ (from 1 to 2 mm of lysis), 3+ (from 2 to 3 mm of lysis), 4+ (more than 3 mm of lysis), or -(no lysis). The plates were read at least three times by different observers before a score for bacteriolytic activity was recorded.
Bacteriolytic activity was analyzed on several different media; a total of 27 different combinations were used (Table  1) . Brain heart infusion agar, Mueller-Hinton agar, Columbia blood agar base, and tryptose agar (TA) were obtained all from Difco; Todd-Hewitt medium was obtained from both Difco (THD) and Oxoid (THO). Streptococcus selective agar (SSA) was purchased from Biolife, Milan, Italy. Bile salts (Difco) were added to TA before sterilization at a concentration of either 0.01 or 0.04%; sodium azide was added to THO at a concentration of 0.02%. Suramin (Germanine; Bayer) and potassium tellurite (Sigma) were prepared as 1 0 0~ solutions, presterilized by filtration, and added to autoclaved media (kept at 45°C) to the final desired concentrations; suramin was used at concentrations of 300,500, and 1,000 pg/ml in both TA and SSA, and potassium tellurite was used at a concentration of 100 Fg/ml only in TA. TA without 
'' 1+, 2 + , 3 + , and 4+ indicate increasing halos of bacteriolytic activity around streptococcal colonies; a minus sign indicates no lysis. Unless indicated otherwise the preparations contained the strain of M . lysodeikticus obtained from Sigma as the substrate for lysis.
These preparations contained lysis-hypersensitive strain ML-Ca as the substrate for lysis. ' NG, no growth occurred on these media. salt was prepared by mixing the compounds as indicated by the manufacturer for the commercial medium but not adding NaCl; TA and SSA supplemented with 2, 4, and 6% (final concentrations) NaCl were made by adding enough NaCl to the commercial TA and SSA preparations to give these concentrations. TA at pH 9.6 was made by adding 1 N NaOH to the commercial medium. Finally, the bacteriolytic activity of streptococci was also studied in TA that was incubated for 48 h in an incubator at 42°C.
As the substrates for lysis, we used either a commercial lyophilized preparation of Micrococcus lysodeikticus obtained from Sigma or Micrococcus luteus ML-Ca; the latter is a mutant of strain AH-47, which has been described elsewhere (40), and was selected because it is hypersensitive to bacteriolytic activity.
Preparation of M . luteus suspensions. M . luteus ML-Ca was grown on brain heart infusion agar plates containing 0.03 M MgC1, for 3 to 5 days at 30°C. The cells were then collected, washed twice with saline, and packed by centrifugation. They were suspended again in saline and sterilized by autoclaving at 121°C for 15 min. Washing, centrifugation, and autoclaving were repeated once more. Then the cells were suspended in sterile saline to an optical density at 640 of 200 and kept in a refrigerator ready to be added to melted agar media to reach a final optical density of 4. A suspension of M . lysodeikticus was prepared from commercial lyophilized powder (Sigma) by using the same procedure.
RESULTS
Patterns of bacteriolytic activity demonstrated by 152 group D streptococci, evaluated by using a large number of assay
media. In order to evaluate the frequency of bacteriolytic activity by group D streptococci, a total of 152 strains, including fresh isolates (the majority of the strains) and strains taken at random from the collection of the Institute of Microbiology, University of Cagliari (including strains of both human origin and nonhuman origin), were inoculated into 27 different media containing two substrates. Table 1 shows that of the 152 strains tested, 150 demonstrated lytic activity on at least one of the media, while only 2 lacked such activity. In addition, the bacteriolytic activities of the various strains were not homogeneous on the different assay media, thus allowing us to subdivide all of the lytic strains into four main groups (lyogroups), each of which differed from the others in bacteriolytic activity pattern.
Subdivision of 572 group D streptococcal strains into lyogroups. Since the preliminary evaluation described above indicated that there was a good chance that the group D streptococci could be subdivided into lyogroups, we selected the 11 most indicative assay media and used them to analyze the bacteriolytic activities of 572 group D streptococci. Table 2 shows the various bacteriolytic activity patterns. Only four strains failed to exhibit lytic activity on any of the media, while all of the other strains were active under one or more conditions. These strains were divided into seven lyogroups. Lyogroup E-I was characterized by strong bacteriolytic activity on most of the media used; its activity was markedly inhibited in the media containing suramin. Lyogroup E-I1 had a reduced lytic activity pattern compared with lyogroup E-I; it was inhibited by sodium azide in THO, by 6% NaCl, and by pH 9.6 and had the peculiar characteristic of strong activity on SSA. Lyogroup E-111 contained VOL. 42, 1992 BACTERIOLYTIC ACTIVITY OF GROUP D STREPTOCOCCI 39 
strains that exhibited reduced lytic activity on all of the media except THD and TA; the bacteriolytic activity of these strains was only slightly affected by the addition of suramin to the media. The strains in lyogroup E-IV exhibited poor bacteriolytic activity on all of the media except THD and SSA containing strain ML-Ca as the substrate for lysis. A number of strains of nonhuman origin fell into lyogroup E-V, which was characterized generally by strong bacteriolytic activity except when the organisms were incubated in SSA to which suramin had been added. Lyogroup E-VI included four strains that were nonlytic in the presence of bile salts or 6% NaC1, in SSA, and in SSA containing suramin and weakly active in the presence of suramin. Lyogroup E-VII contained five strains which exhibited clear bacteriolytic activity only on THD, TA, and TA at pH 9.6 and a weak activity on THO containing sodium azide and TA containing bile salts. The four strains of group D streptococci that lacked any bacteriolytic activity were placed in group 0.
Identification of the 572 group D strains of streptococci subdivided into lyogroups and lyogroup identification of reference strains belonging to the major streptococcal group D species. All of the species were identified by analyzing as many as 22 different characteristics chosen from among those most often used for reliable species identification of group D streptococci. Table 3 shows the characteristics of the strains and their identities together with their previously defined lyogroups. It is evident that each of the seven lyogroups completely overlapped with one or more of the major species (one lyogroup overlapped with two species, and one lyogroup overlapped with three species). Lyogroup E-I contained only strains of E. faecalis (all of the E. faecalis strains were members of this lyogroup), while lyogroup E-I1 completely overlapped with E. faecium and E. durans. Lyogroups E-111, E-V, E-VI, and E-VII completely overlapped with E. casselijlavus, E. hirae, E. gallinarum, and E. mundtii, respectively. Lyogroup E-IV contained members of E. avium, E . pseudoavium, and E. rafinosus. No strains belonging to E . solitarius and E . malodoratus were found in our study. All of the strains that lacked bacteriolytic activity were identified as Streptococcus bovis, while none of the lytic strains was identified as a member of this species.
A number of the reference strains obtained from the ATCC and CCM were analyzed for bacteriolytic activity on the 11 media described above. Table 4 shows that the bacteriolytic activity patterns of the reference strains overlapped completely with the patterns of the strains which we identified members of the corresponding species. In addition, the reference E. malodoratus strains were found to fall into lyogroup E-I, and a strain of E. solitarius fell into lyogroup E-IV.
Simplified scheme for group D streptococcal species identi-fication. E. faecium, and E. rafinosus, E. solitarius, and E. pseudoavium from E. avium. Table 5 shows that when this scheme was used, a total of 285 strains, including all of the nonlytic organisms, could be accurately identified.
The bacteriolytic activity patterns of the five main enterococcal species which we tested in six different media are shown in Fig. 1 .
Bacteriolytic activity of streptococcal strains belonging to antigenic groups other than group D. Table 6 shows the On: Fri, 11 Jan 2019 08:55:26 VOL. 42, 1992 BACTERIOLYTIC ACTIVITY OF GROUP D STREPTOCOCCI 41 
bacteriolytic activities of other streptococci belonging to antigenic groups A, B, C, F, and G and of some Streptococcus pneumoniae and viridans strains. Group A streptococci exhibited bacteriolytic activity on M. lysodeikticus plates, while the other groups of streptococci which we tested did not. However, the group A streptococci lacked bacteriolytic activity on media supplemented with either sodium azide (SSA) or suramin and at pH 9.6.
DISCUSSION
In this work we found that all of the strains belonging to the genus Enterococcus that were isolated in a clinical microbiology laboratory, which represented the most common enterococcal species defined to date, exhibit bacteriolytic activity on plates containing heat-killed cells of M.
luteus. We found that this activity has uniform properties in all strains of the same species, but is clearly different for strains of different species. In contrast, none of the four nonenterococcal group D streptococci (S. bovis) which we tested exhibited bacteriolytic activity that was detectable in the system which we used. Such findings closely resemble the findings described previously for staphylococci, in which almost all of the strains of the genus (except a very few) exhibited bacteriolytic activity (32, 33, 37, 39, 41, 42) . Likewise, in the system described above, lytic activity was not exhibited by group D streptococci which did not belong to the genus Enterococcus, as well as other medically important streptococci, with the exception of Streptococcus pyogenes. However, S. pyogenes exhibited a lytic activity pattern which was clearly different from the patterns of the enterococci.
On the basis of the results of our analysis of lytic activity properties, we succeeded in developing a scheme for the identification of enterococcal species. This scheme appears to be reliable and easy to reproduce, since a trained technician was able to report the same bacteriolysis scores as we did. In addition, most enterococcal groups are clearly divided by qualitative differences into bacteriolytic patterns, 
The lysis halos around these colonies were rather turbid and had illdefined edges. ND. not determined.
which are easy to detect; quantitative subtle separations usually had less importance for the differentiation of single groups or species. The fact that another important microbial group produces exocellular bacteriolytic enzymes whose properties allow both separation of the group from the other groups and subdivision into species indicates, as previously suggested (30, 32, 36) , that the study of bacteriolytic activity may be of practical use in bacterial taxonomy and may constitute one of the standard characteristics that should be determined for species recognition and identification. Actually, elsewhere we intend to describe the bacteriolytic activity of a number of enterobacterial species.
The purified bacteriolytic enzyme of Staphylococcus aureus has been shown to play some role in staphylococcal pathogenicity (28, 31, 36, 38) . Worthy of note in this context is the fact that some of the best enterococcal bacteriolytic species are among the most important species in human pathogenicity. It would be interesting to evaluate whether enterococcal lytic enzymes also play such a role in bacterial pathogenicity.
